We use QCD sum rules to study the possible existence of a Θc(3250) charmed pentaquark. We consider the contributions of condensates up to dimension-10 and work at leading order in αs. We obtain mΘ c = (3.21 ± 0.13) GeV, compatible with the mass of the structure seen by BaBar Collaboration in the decay channel
II. TWO-POINT CORRELATION FUNCTION
A possible current describing a charmed neutral pentaquark with quark content [cuddū], which we call Θ 1c , is given by:
where a, b, ... are color indices, C is the charge conjugation matrix and in bold letters are the respective quark fields. We have considered two scalar diquarks since they are supposed to be more bound than the pseudoscalars [10] . However, since the study presented in [10] is related with the light diquarks, one could also have a current describing another pentaquark, Θ 2c , with a scalar light-diquark and a pseudoscalar heavy-light-diquark as follows:
like the current used in [9] for Θc. The sum rule for both currents (1) and (2) is constructed from the two-point correlation
where Π 1 and Π 2 are two invariant independent functions. In the phenomenological side, we parametrize the spectral function using the standard duality ansatz: "one resonance"+ "QCD continuum". The QCD continuum starts from a threshold s 0 and comes from the discontinuity of the QCD diagrams.
Transferring its contribution to the QCD side of the sum rule, one obtains the Borel/Laplace sum rules:
where
π Im Π i (s) are the spectral densities whose expressions are given in the Appendix. In Eq. (4), λ Θc and m Θc are the pentaquark residue and mass, respectively; M 2 B is the sum rule variable. One can estimate the pentaquark mass from the following ratios
where at the M 2 B -stability point, we have
III. NUMERICAL RESULTS
For a consistent comparison with the results obtained for other pentaquark states using the QCDSR approach, we have considered the same values used for the heavy quark mass and condensates as in Ref. [6, 12] , listed in Table I . It is worth mentioning that, for both currents η 1c and η 2c , we have found a substantial M 2 B -instability in the R 12 sum rule evaluation. Therefore, in this work, we will only consider the results from R i .
A. Θ2c Pentaquark State
We start our analysis with the current η 2c . As mentioned above, we calculate the mass related to this current using only the results from the R 1 and R 2 sum rules. Considering the R 2 sum rule, we show in Fig. 1a ) the relative contributions of the terms in the OPE, for √ s 0 = 4.70 GeV. From this figure, we see that the contribution of the dimension-10 condensate is smaller than 20% of the total contribution for values of M 2 B ≥ 2.7 GeV 2 , which indicates the starting point for a good OPE convergence. In Fig. 1b) , we also see that the pole contribution is bigger than the continuum contribution only for values M Varying the value of the continuum threshold in the range √ s 0 = 4.70±0.10 GeV, and other parameters as indicated in Table I , we get m Θ2c = 4.15 ± 0.11 GeV .
This mass is surprisingly compatible with one of the unexplained structures observed by BaBar Collaboration [1] at 4.2 GeV. Therefore, from a sum rule point of view, such a Θ 2c pentaquark state with a internal structure composed by a scalar light-diquark and a pseudoscalar heavy-light-diquark could be a good candidate to explain the Θ c (4200) enhancement.
For completeness, we evaluate the R 1 sum rule for the current η 2c . We would naively expect to obtain a mass in accordance with Eq. (7). The comparison between the two sum rules is shown in Fig. 2 , considering the Borel range (2.0 ≤ M 2 B ≤ 6.0) GeV 2 and √ s 0 = 4.70 GeV. As one can see, the R 2 sum rule presents a better M 2 B -stability than R 1 . Besides, the Borel window for the R 1 sum rule lies on the range (2.5 ≤ M 2 B ≤ 3.4) GeV 2 which does not contain M 2 B -stability. Thus, we conclude that the results extracted from the R 1 can be ruled out, while the R 2 provides a more reliable sum rule calculation and the mass found in Eq. (7) must be settled as the optimized estimation for the Θ 2c pentaquark mass.
B. Θ1c Pentaquark State
In the case of the current η 1c , we also retain only the results from the R 2 sum rule, according to the previous analysis. The results for the pole dominance and OPE convergence are shown in Fig. 3 a) and b), respectively. From these figures, we can fix the Borel window as: (2.3 ≤ M 2 B ≤ 2.5) GeV 2 , for √ s 0 = 3.90 GeV. As one can see, from the Fig. 3 c) , we obtain M 2 B -stability only for a narrow Borel window. However, it is still possible to extract reliable results from this sum rule. Varying the continuum threshold in the range √ s 0 = 3.90 ± 0.10 GeV, and the other parameters as indicated in Table I , we get m Θ1c = 3.21 ± 0.13 GeV .
This value for the mass is compatible with the first signal observed in Ref.
[1] at 3.25 GeV. Therefore, we conclude that the Θ c (3250) state also can be described by a pentaquark containing two scalar diquarks in its internal structure. It is very interesting to notice that we get a smaller mass with the current with two scalar diquarks, when compared with the current with one scalar and one pseudoscalar diquarks. Although we have one light and one light-heavy diquarks, our results follow the phenomenology obtained by Shuryak [10] for the light diquarks. It is interesting to compare our results with the result in Ref. [3] , where the author evaluates the sum rule for the D * 0 (2400) N molecule, since such a molecular current can be rewritten in terms of a sum over pentaquark type currents, by using Fierz transformations [13] . Indeed, the result found in Ref. [3] is in agreement with our result in Eq. (8), which was obtained with the current in Eq. (1). However, there are some points in the analysis done in Ref. [3] that deserve consideration. In particular, to obtain a mass compatible with the 3.25 GeV enhancement observed by BaBar, the author of Ref. [3] , had to release the criteria of pole dominance and the usual good OPE convergence. In doing so, the analysis inevitably led to a misleading definition of the Borel window, fixed as (2.0 ≤ M 2 B ≤ 3.0) GeV 2 for the D * 0 (2400) N molecule. Besides, one can see that there is also no M 2 B -stability in such Borel window. Therefore, we believe that if the author of Ref. [3] had imposed pole dominance, good OPE convergence and Borel stability in his analysis he would have obtained a bigger value for the mass of the D * 0 (2400) N current.
IV. CONCLUSIONS
In conclusion, we have presented a QCDSR calculation for the two-point function of two possible pentaquark states, whose internal structure is composed of two scalar diquarks, for Θ 1c , and a scalar light-diquark plus a pseudoscalar heavy-light-diquark, for Θ 2c . As expected from phenomenology [10] , we get a smaller mass with the current η 1c containing two scalar diquarks, in comparison with the current η 2c containing one scalar and one pseudoscalar diquarks. Also, we get a bigger mass for the Θ 2c pentaquark state when comparing with the one studied in Ref. [9] , where the authors considered for the Θc state a current with two-light diquarks and one anti-charm quark. Indeed, this result is in agreement with the expectation that heavy-light diquarks are less bound than light diquarks [11] . Our findings strongly suggest that at least two enhancements observed by BaBar Collaboration, with a peak at 3.25 GeV and 4.20 GeV, decaying into Σ ++ c π − π − , could be understood as being such pentaquarks.
